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I, WiLLrA>f IThLMOUE, of Ruyal Air- 
craft Establishuient, .Soulii Furnborough, 
irunip.->iiiie, Biitiili :Subjeei, do hereby- 
lieclare the nature of rliis invention 
5 to be a:5 f:ollf)\vs : — 

This invention relates to testing* com- 
bustible fluids and more pavticuiarly to 
a method of au<l means for ascertaining 
the spontaneous or selt'-ignition tempera- 
10 tiire <;f combustible liquids in heated air, 
and the delay time existing at various 
temperatures between the first contact of 
the liquid witli the heated air and its 
subsequent ignitit^i or explosion. 
15 The invention has for its chief object 
to determine the (characteristic ignition 
delay period of fuel oils injected into air 
at various temperatures, from the tem- 
perature at which almost instantaneous 
20 i.q'nition occurs, down to the lowest teui* 
perature at which the fuel will ignite 
after long delay, for the purpose of 
grading fuels or estimating their relative 
suitability for compression ignition 
25 c^oi^e use. The method or apparatus 
may^ however, be applied for testing 
other combustible liquids. 

The invention provides a direct basis of 
comparison, under similar conditions, 
30 between various futds, and shows the 
order of merit having* regard to ease of 
starting and ignition delay on injection. 

The invention has for a further object 
to avoid bringing the liquid to be tested 
35 into contact with heated siirfaces, as has 
hitherto been proposed for determining 
the lowest spontaneous ignition tempera- 
ture of fuels as in making rlie dpsired 
ileterminat ions according to ihe present 
4C invention, such surfaces may so effect the 
process of comhu-tion as to rend.er the 
observations valueless. 

According to the prf>?ent invention the 
fuel or otht*r combustible liquid (herein- 
45 afler generally referred to as fueh is 
injected in a finelv divided state into air 
at a prodtdermined temperature and pres- 
sure co!it;iine<l in an explosion vessel, the 
injection bein^* effected in such a manner 
50 that tlic lif(uid can ia'nite in the nir with.- 
nut making contact before ignition with 
any surfaces at a temperature higher 
than or equal to that of the air. The 
{Price 1/.] 



moment of injection of the fuel is 
recorded and the time lag existing 55 
becAuen the moment of injection and the 
subsequent ignition or explosion is also 
recorded. 

The vessel may be heated electrically 
by means of a resistance wire applied to qq 
the sides the vessel, which are lagged 
or covered, wliile tjie bottom end is not 
lagged. 

Tile fuel is injected under the standard 
or predetermined pressure through a 
valve or vessel into the air at atmospheric 
pressure in the vessel in such a manner 
that, should it not immediately ignite 
before passing through ilie air, its cfirec- 
tion of motion causes it to make contact 
first with a surface wliich is at a lower 
temperature than the air in the vessel. 
T!ie fuel may be injected into an upright 
cylindrical vessel at the top end and 
directed towards the bottom end, which 7= 
IS at a lower temperature than the sides, 
which are at approximately the same 
temperature as the air. To prevent the 
fuel from coming into contact with the 
sides of the vessel, the injection valve or qa 
vessel 15 so designed as to give a spray 
having a cone angle less than the cone 
angle subteiuled by the perimeter of the- 
l;ottoni end of tdie vessel with the point 
of entry- of the fuel into the vessel. The opc 
means for injecting the fuel into the 
vessel under pressure may consist of an 
injection pump, which is operated sud< 
denly by a falling weight or other con- 
slant force. 

The means for indicatinsT the tempera- ^0 
ture of the air may cmisist of a thermo- 
couple or tae like, which is located in a 
•hermomefer tube in the too end of tlie 
vess»^ I . 

^The means for iiulicating the moment 
•-^^ inje<-tion of the fuel may consist of 
a lr>w Ic-ision elcptric cirmit whirh is 
autumatirallv broken or rendered inonera- 
(ive by the opening of the fuel injection 
valve, whifdi IS located in a jet <ocket in 
ihe centre of the top enr| of the vessel 
J he means for indicating the time ]a.> 
existing be ween the moment of injecti'oa- 
nnd the subsequent ignition or explosion 
>t t.io fuel may consist of a low ten<=ioP 105 



m 

i 

r- 
m 

O 
O 

5 



BNSCX)CID: <QB ^394736A^I_> 



394, T3G 



circuit, uliii'li is automatically broken 
or reudercd inoperative by the rise of 
pressuro in the vessel clue to explosion of 
tlie fuel. 

b A separate record of the breaking of 
eacli lu^v tension electric circuit may be 
obtained by sparks from n sparking' point 
in a liigii tension circuit. The sparks 
pass to earth, normally tlirongli metal 
10 plates set in a Irou.ch of insulating 
material, v. hicli supports a motor driven 
paper tape or -trip, and thus perforate 
the latter. 

Tlie lo^' ti-usion rijcnii> are interrupted 
15 at hi*jli frequency In- 1 1 '.'-.nblers or otlier 
snitable means in series \rith the respec- 
tive circuit breaking" means abovemen- 
tioned. One train uf sparks representing 
the time of injecticni makes a straight 
2C lii^- record along tlie tape owing to the 
respective sparking point being fixed or 
station.^y. The " other train of sparks 
represr-^ntiug the ignition delaj' makes a 
Tvavy line record along the tape, ovring 
25 to \he respective s])arking point being, 
maintained in vibration at a predeter- 
mined frequency, by means of a reed and 
an electro magnet in a low tension cir- 
cuit. By no_tjng the number of oscilla- 
QQ tions in the igintion timing wavy record 
which occnr beyond the injection timing 
straight record, after the circuits have 
been broken as abovementioned, an 
accurate measiireinent of the ignition 
gg delay is obtained. 

The vessel is open to the atmosphere 
through an air inlet port at the top end, 
and a vacuum pump or the like is pro- 
vided connected to an out?et port at the 
,Q lower end for drawing ij] a cliarge" of air 
before each test, and f<»r withdrawing 
the products of combustion after each 
test, and draining off any unosidised 
fuel. The air inlet may be arranged 
•fg tangent iall 3^ or so as to obtain a scaveng- 
ing or circulating action and contact with 
the thermometric device. 

In carrying out a test, the temperature 
of the vessel haying been raised by the 
p.-. electric heating means to the hi<jhest 
^ point which it is desired to investigate 
(say about G00° C.) the heat is cut off 
and sufficient time is allowed for tempera- 
ture conditions to become suitable, A 
charge of cold aii is drawn into the 
vessel and the vessel is left open to the 
atmosj>here through the air inlet. Suffi- 
cient time is allowed Id elapse for the 
tempeiature of the air cliarge as read on 
the thermometric device to reach a maxi- 
mum and then commence to fall. The 
tape motor and sparking circuits are then 
switched on and the air temperature in 
the vessel noted. The fuel is then injected 
g5 through the fuel nozzle xinder pressure 



(say about 100 atmospheres). The time 
of injection and of the subsequent explo- 
sion are automaticallv electrically re- 
corded on the -travelling- tape by the 
trains of sparks. The time lag between 70 
injection and ignition is then read from 
the record. The products of combustion 
are evacuated by passing fresh air 
tlirough the vessel, and a further test is 
carried out at a lower temperature by 75 
rejieiiting tiie operations. 

As the cold air entering' the vessel 
passes across the thermo-couple, the tem- 
perature in the lljermo-couple indicator 
falls during tlie scavenging process, 80 
thereby ensuring that in each reading no 
specially localised heat is absorbed in the 
thermo-couple. 

In this way a series of readings are 
taken (say about every 10 or 20 degrees) 85 
over a gr;,dual]y fullinn- U'mperatuje 
from the highest required down to the 
temperoture at which ignition ■ fails to 
occur. 

A complete curve showing temperature qq 
and ignition delay for a g^iven fuel can 
be made, and a further series of readings 
can then be taken with a different fuel. 

The explosion vessel may conveniently 
be say 6 inches internal diameter and 95 
say IS inches internal depth, and have 
its body part formed of a wrought iron 
cylinder with screw-on flanges at the • 
end.s. The body n^ay be covered with an 
inner mica insulated layer, over which is 100 
wound a heating coil with the convolu- 
tions spaced apart by an insulating string 
and an asbestos insulating layer, the 
whole beino* lagged or covered with 
asbestos and finally with an aluminium 105 
casing secured to the end flanges by 
screws or otherwise. The bottom €nd of 
the cylinder is of inverted conical shape 
and unlagged and the top end of the 
cylinder is formed wit]> layers of mild 110 
steel and asbestor^. Tlie bottom end is 
separated by a joint ring of asbestos 
trom the body part, and is coupled to a 
drain-pipe for connection to the vacuum 
pump The explosion vessel i.< supported 113 
on feet or in any other suitable manner. 
^ J he injection valve may be of the tvpe 
in which the fuel pump pressure lifts a 
spring loaded valve from its seating in 
the explosion vessel, any leakage of *^fuel 1*^0 
in the body of the valve beintr led awav 
In axial alignment " with the ""valve ste'ni 
IS a central tappet pin, which is guided 
by the valve casiog and projects above 
he latter into contact with a rocker 105 
b ork, which IS piyotally mounted on a 
fitting secured to the valve casino- The 
rocker block carries a contact %prin- 
which normally presses against a fixed 
earthed contact in the injection timinn- 130. 
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low tension circuit, When the injection 
valve is lifted at the moment o£ injection, 
the rocker block moves the contact spring 
and suddenly breaks the circuit. The 
5 rocker block also carries a laminated 
arm, which as the low tension circuit is 
closed is brought a^jainst a permanent 
magnet, which pievents the circuit being 
accidentally- (dosed again when the injec- 

10 tion valve closes. 

Tlie igiatifMi timing low tension circuit 
may be broken by a c^ircuit breaker, 
which screws into the top end of the 
explosion vessel, and comprises a disc 

15 valve connected to a tappet pin, which 
is guided in a central insulated sleeve and 
projects above the latter against a pivoted 
contact lever on the fitting. The contact 
lever is coiLtroUed by a hair spring. The 

20 contact lever carries a contact, which 
normally rests on an earthed contact. 
The disc valve sits on an annular seating 
and works in a chamber of larger dia- 
meter, which is open to the atmosphere 

2^ through a hole for releasing pressure. 
When the disc valve is lifted at the 
moment of explosion of the fuel the con- 
fact lever suddenly breaks the circuit. 
The fuel injection pump ma3* be of the 

30 type in which a plunger traps a small 
quantity of fuel in a cylinder and forces 
it past a spring loaded non-return valve 
in the fuel pipe leading to the injection 
nozzle, and may be arranged for the 

35 phmger to be operated by a weighted 



lever, which is fulcrummed on the pump 
casing. In the upright position the 
weighted lever is clear of the pump 
plunger, but when the lever is released 
from'^this position it falls with a given 
force into contact with the pump plunger 
and injects a charge of fuel into tlie 
vessel. 

Tlie recording mechanism may com- 
prise an electric motor-driven driving 
wheel or take-up wheel for a paper strip, 
which passes from a paper feed reel, 
along a trough of insulating material and 
under two spring loaded guide rollers one 
on each side of" the driving wheel. The gQ 
fixed sparking points of the injection 
timing circuit are arranged at one side 
of the trouph^ and the vibrating sparking 
point of the ignition timing circuit is • 
arranged at the other side nf the trough 
on the vibrating reed whicli is maintained 
in oscillation by an electro-magnetic cir- 
cuit controlled 03^ the reed. The low ten- 
sion and high tension coils and tremblers 
for the spark circuits are arranged on the 
base of the recording mechanism, and a 
single switch for the electro magnet and 
a double switch fnv the low tension tim- 
ing circuits of and tape motor are also 
arranged on thf: base of the recording 6S 
mechanism. 

Dated this 11th day of Tanuarv, 1902. 
A. C. DAT, 
Captain, 
Agent for the Applicant. 



COMPLETE S 
Improvements in or relating to 

T, WiLLiAii Helm;ore, of . Royal Air- 
craft Establishment, South Farnborough, 
Hampshire, British Subject, do hereby 

70' declare the nature of this invention 
and in what manner the same is to be 
performed, to be particularly described 
and ascertained in and by the following 
statement : — 

75 This invention relates to testing com- 
bustible fluids and more particularly to 
a method of and means for ascertaining 
the spontaneous or self-ignition tempera- 
ture of combustible liquids in heated air, 

80 and the delay time existing at various 
temperatures between the first contact of 
the liquid with the heated air and its 
subsequent ignition or explosion. 

The invention has for its chief object 

85 to determine the characteristic ignition 
dela^- period of fuel oils injected into air 
at various temperatures, from the tem- 
perature at which almost instantaneous 
ignition occurs, down to the lowest tem- 

90 perature at which the fuel will ignite 



Testing Combustible Fluids. ' 

after long delay, for the purpose of 
grading fuels or estimating their relative 
suitability for compression ignition 
engine use The method or apparatus 
may, however, be applied for testing 9S 
other combustible liquids. 

The invention providej^ a direct basis of 
comparison, undt-r similar condition??, 
between various fuels, and shows the 
order of moi it having regard to ease of lOO 
startfn^ and ignition delay on injection. 

The invention has for a further object 
to avoid bringing the liquid to be tested 
iiito contact with heated surfaces, as has 
hitherto been proposed for determining 105 
the lowest spontaneous ignition tempera- 
ture of fuels as in making the desired 
determinations according to the present 
invention, such surfaces may so effect the 
process of combustion as to render the 110^ 
observations valueless. 

According to the present invention the 
fuel or other combustible liquid (herein- 
after generally referred to as fuel) is 
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injected in a iiuely -diTided state into air 
at a predetermined temperature and pres- 
sure contained in an explosion vessel, the 
injection being effected in such a manner 
5 thot the liquid can ignite in the air with- 
out making contact before ignition Tvith 
anr solid surfaces at a temperature higher 
llian or equal tu that of the air. The 
.moment of injectiim cf the fuel is recorded 
10 "tiul the time of the subsequent ignitioii 
or explosion is also recorded. The lag 
existing between the injection and the 
subspqueiit ignition or explosion is thus 
indi'.-ated, 

15 The vessel mny be heated electrically 
by menus of a resistance wire applied to 
the sides of the vessel, which are lagged 
or covered, while the bottom end is not 
lagged. 

20 i^-e f^^^l injected Tinder the standard 
or predetermined pressure through a 
vnlve or nozzle into the air at atmo- 
spheric pressure in the vessel in such a 
manner that, should it not immediately 

25 ignite before passing through the air, its 
direction of motion ensures that the first 
surface with which it contacts is one 
which is at a lower temperature than the 
air in the vessel. The fuel may be 

r>Q injected into an upright cylindrical vessel 
at the top end and directed towards the 
bottom end, which is at a lower tempera- 
t\ire than the sides which are at approxi- 
mately the same temperature as the air. 
To prevent the fuel from coming into 

35 contact with the sides of the vessel, the 
injection valve or nozzle is so designed as 
to give a spray having a cune angle less 
than the cone angle subtended by the 
perimeter of the bottom end of the vessel 

40 with the point of entry of the fuel into 
the vessel. The means for injecting the 
fuel into the vessel under pressure may 
consist of an injection pump, which is 
operated suddenly by a falling weight or 

45 other constant force. 

TJie means for indicating the tempera- 
ture of the air may consist of a thermo- 
couple or the like, which is located in a 
tbermometer tube in the top end of the 
50 vessel. 

The means for indicating the moment 
of injection of the fuel may consist of a 
low tension electric circuit, which is 
automatically broken or rendered inopera- 

55 tive by the opening: of the fuel injection 
valve, ^ which is located in a jet socket 
in the centre of the top end of the vessel. 

The means for indicating the time lag 
existing between the moment of injection 

QQ nnd the subsequent ignition or explosion 
of the fuel may consist of a low tension 
circuit, which is automatically broken or 
rendered inoperative by the rise of pres- 
sure in the vessel due to explosion of the 

65 



70 



75 



fuel. 

A separate record of the braking of each 
low tension electric circuit may be 
obtained by sparks from a sparking point 
in a high tension circuit. The sparks 
pass to earth, normally through a metal 
plate set in a trough of insulating 
material which supports a motor driven 
paper tape or strip, and thus perforate 
the latter. 

The low tensitvii circuits are inter- 
rupted at high frequency by tremblers or 
other suitable means. ^ One train of 
sparks representing the time of injection 
makes a straight line record along the 80 
tope owing to the respective sparking 
point being fixed or stationary. The 
other train of sparks representing the 
ignition delay makes a wavy line record 
along the tape, owing to tlie respective 
sparking point being maintained in 
vibration at a predetermined frequency, 
by m?ans of a reed and an- electro mag- 
net in a low tension circuit. By noting 
the number of oscillations in the ignition 
timing wavy record which occur beyond 
the injection timing straight record, after 
the circuits have been broken as above- 
mentioned, an accurate measurement of 
the Ignition delay is obtained. 

The vessel is open to the atmosphere 
through an air inlet port at the top end, 
and a vacuum pump or the like is pro- 
vided connected to an outlet port at the 
loM-er end for drawing in a charge of air 
before each test, and for withdrawing the 
products of combustion after each test, 
and draining ofi auy unoxidised fuel. 
The air inlet may be arranged tangen- 
tially or so as to obtain a scavenging or JQS 
circulating action and contact with the 
thermometric device. 

In carrying out a test, the temperature 
of the vessel having been raised by the 
electric heating means to the highest point HO 
which it is desired to investigate fsav 
about GOOO C.) the heat is cut off and 
sufficient time is allowed for temperature 
conditions to become stable. A charge of 
cold air is drawn into the vessel and the 115 
vessel IS left open to tlje atmosphere 
through the air inlet. Sufficient time is 
allowed to elapse for the temperature of 
the air charge as read on the thermometric 
device to rencli a maximum and then 
commence I0 fall. The tape motor and 
sparking circuits are then switched on 
and the air temperature in the vessel 
noted. The fuel is then injected through 
the fuel nozzle under pressure {say about 
100 atmospheres). The time of injection 
and of the subsequent explosion are auto- 
matically electrically recorded on the 
travelling tape by the trains of sparks 
The time lag between injection and i<rni- 130 
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tion is thea read from the record. The 
products of combustion are evacuated by 

passinj^ fresh air through the vessel, and 
a further test is carried out at a lower 
5 temperature by repeating the operations. 

As the cold air entering the vessel 
passes across the thermo-couple, the tem- 
perature in the thermo-couple indicator 
fails during- the scavenging process, 
10 thereby- ensuring that in each reaaing no 
specially localised heat is absorbed in the 
thermo-couple. 

In this way a series of readings are 
taken (say about every 10 or 20 degrees) 
13 over a gradually falling temperature from 
the highest required down to the tempera- 
ture at which ignition fails to occur. 

A complete curve showing temperature 
and ignition delay for a given fuel can 
20 be made, and a further series of readings 
can then bo taken with a different fuel. 

One form of construction of testing 
apparatus according to the present inven- 
tion is illustrated more or less dia- 
25 gramatically and bv way of example in 
the accompanying drawings in which : — 

Fig. 1 is a part sectional elevation of 
the explosion vessel showing the injection 
timing circuit breaker and the ignition 
3Q timing circuit breaker in position ; 

Fig. 2 is a part sectional elevation at 
right angles to Fig. 1, and Fig. 3 is a 
plan ; 

Fig'- 4 is an elevation at rig-ht angles 
35 to Fig. 1 of the injection timing circuit 
breaker, and Fig 5 is a plan ; 

Fig. 6 is a sectional elevation at ri^pht 
angles to Fig. 1 of the ignition timing 
circuit breaker ; 
40 Fig. 7 is a wiring diagram; 

Figs. S and 9 ire an elevation and a 
plan of the recording tape machine; 

Figs. 10 and 11 are elevations at right 
angles to one another of the fiiel pump 
45 nnd Fig. 12 is an enlarged sectional ele- 
vation of the pump body. 

Like reference numerals indicate 
similar parts wherever repeated in the 
drawings. 

KQ In the arrangement shown the explo- 
sion vessel (Figs. 1 to 3) has its body 
part formed of a wrought iron cylinder 
I with screw-on flanges 2, 3 at the ends. 
The body is covferpd with an inner mica 

55 insulated layer 4, over whioh is wound 
a heating coil 5 with the convolutions 
spaced apart by an insulating string fi 
aiid an asbestos" insulating layer 7. The 
vrliole ib lag-ged or covered .vith asbestos 

go 8 and finally with an aluminium casing 

9 secured to the end flanges by screws 

10 or otherwise. The bottom end 11 of 
the cylinder is of inverted conical shape 
and unlagged, and the top end 12 of the 

.86 cylinder is formed with layers of mild 



steel and asbestos. The bottom end is 
separated by a joint ring of asbestos 13 
from the body part, and is coupled to a 
drain-pipe 14' for connection to a vacuum 
pump (not shown). The explosion vessel 
is supported on feet or in other suitable 
manner. 

At the top end the cylinder is pro- 
vided with a jet socket 15, an ignition 
timing breaker socket 16, a vent 17 and 
a thermometer socket 18. The vent 17 is 
arranged tangentially and inclined to the 
thermometric device. 

The injection valve, which is secured 
in the jet socket 15 hy means of a set 
screw 19 or in other convenient manner, 
is of the type in which the fuel pump 
pressure applied to the inlet 20 lifts a 
valve 21 from its seating in the explosion 
vessel, against the action of a spring 22, 
any leakage of fuel in the body of the 
valve being led away at the outlet 23. 
In axial alignment with the valve stem 
is a central tappet pin 24, w'hich is 
guided by the valve casing and projects 
above the latter into, contact with a rocker 
block 2'>, which is pivotally mounted at 
2G on a fitting 27 secured to the valve 
casing. The rocker block carries a con- 
tact spring 28 having a contact 29, which 
normally presses against a fixed earthed 
contact 30 in the injection timing low 
tension circuit. When the injection 
valve 21 is lifted at the moment of injec- 
tion, the rocker block moves the contact 
spring and suddenly breaks the circuit. 
The rocker block also carries a laminated 
arm 31, which as the low tension circuit 
is broken, is brought against a permanent 
magnet 32 which prevents the circuit 
from bein^ acci«^entally closed again 
when the injection yalve closes. 

The ignition timing low tension circuit 
is broken by a circuit breaker, which 
screw's in the socket 16 at the top end of 
the explosion vessel, and comprises a disc 
valx-f. 33 connected to a tappet pin 34, 
which is^ guided in a central insulated 
sleeve 35 and projects uhove the latter 
against a contact lever 30 pivoted at 37 
on the fitting. The contact lever is con- 
trolletl by a hair-spring (not shown). 
The contact lever carries a contact 38, 
whicli normally rests on an earthed con- 
tact 39, The disc valve sit^ on an 
annular seating 40 and v*-orks in a cham- 
ber of larger diameter. When the disc 
valve is lifted at the moment of explo- 
sion of the fuel the contact lever 3G 
suddenly breaks the circuit. 

A- .>hown in Fig. 7. the injection tim- 
ing low tension circuit containing the 
conlai i breaker 28 and comprising a 
sparkini?' roil with trembler 41 and low 
tension winding 42 is arranged in parallel 
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with tlie i^nitiou timing low tension cir- 
ciiil coiitaiuino- (he contact breaker 3G 
and comprising a sparking coil with 
trembler 420 and low tension winding 43. 
|5 One terminal of the circuits is connected 
to earth at 44, and the other teiminal 
of the circuits is connected through a 
switch 45 and a battery 4C to earth. The 
low tension circuits are associated with 
10 high tension circuits 47 and 48, which 
are connected at one ttrminal to earth 
at 44, and at the other terminal through 
sparking points or gaps 49, and 50 to 
earth at 51 and o2 respectively. The 
15 sparking point 49 is fixed and tlie spark- 
ing point 50 is vibratory. 

The recording mechanism (Figs. 8 and 
9) may comprise an electric motor 53 in 
circuit with the batlerA- 4G and controlled 
20 l>y ^ switch 54 coupled to the switch 45. 
Th'c motor drives a take-up reel 55, on 
Avhich is wound a paper strip which 
j)a.sse5 from the paper feed reel 56, along 
a trough 57 of insulating material and 
25 under two spring-loaded guide rollers 58, 
one on each side of the take-up reel. 
The fixed sparking point 49 of the injec- 
tion timing circuit is arranged at one 
Tside of the trough, and the vibrating 
;30 sparking point 50 of the ignition timing 
circuit is arranged at the other side of 
the trough on a vibrating reed 59 which 
is maintained in oscillation by an elec- 
tro-magnetic circuit controlled by the 
35 reed. The circuit comprises the reed 59, 
an adjustable contact 60, electro-magnetic 
coils 61, a switch 02 and a battery 63. 
The low tension and high tension coils 
and tremblers 42, 43, 47, 48, 41 and 420 
for the sparking circuits are arranged on 
the base of the recording mechanism. 
The switch 62 for the electro-magnet and 
the double switch 45;^ 54 "for the low ten- 
sion timing circuits and the tape motor 
45 53 are also arranged on the base of the 
recording mechanism. 

T.l to T.5 are. the <ermiuals of the. 
coils ; 

T.G and T.7 Figs. 4 and 5 are the 
terminals of the injection timing contact 

breaker ; . , i> i 

T.8 and T.9 are the terminals of the 
ignition timing contact breaker. 
"^The fuel injection pump (Figs. 10 to 

« 12) is of the tvpe in which a plunger 04 
traps a small quantity of fuel m a cylin- 
der Go and forces it past a spring-loaded 
non-return valve GO in the fuel pipe 67 
leading to the injection nozzle, and is 
arranired for the plunger to be operated 
bv a 'weighted lever 68, which is ful- 
crummed at 69 on the pump casing ami 
falls on to a stop 70. In the upngbt 
position the weighted lever is clear of the 

65 pump plunger, but when the lever is 



released from this position it falls with 
a given force and its lower end 71 comes 
into contact with a cap 72 on the pump 
plunger and injects a charge of fuel into 
the vessel. The fuel may be supplied to 70 
the pump inlet 73 from a reservoir 74 
through a filter 75 : and the stroke of the 
plunger 64 may be adjusted in known 
manner. 

Having now pariicuhuly described and 75 
ascertained the nature of*my said inven- 
tion and iu what manner the same is to 
be performed, I declare that what I 
claim is : — 

1, A metiiod of or means for asceitain- 80 
ing the spontaneous or self-ignition tem- 
perature of fuels or other combustible 
liquids in heated air, and the delay time 
existing at various temperatures between 
the first contact of the liquid with the 35 
heated air and its subsequent ignition or 
explosion, wherei:i the liquid is injected 
in a finall^^ divided state into air at a pre- 
determined temperature and pressure 
contained in a vessel, the injection being qq 
effected in such a manner that the liquid 
can ignite in the air without making con- 
tact before ignition with any solid sur- 
face at a temperatiiife higher than or equal 
to that of the air, the moment of injec- 95 
tion of the liquid being recorded, and the 
time of the subsequent ignition or explo- 
sion being also recorded. 

2 Means for testing combustible fluids 
as claimed in claim 1, wherein the vessel 100 
is electrically heated by means of a 
resistance wire applied to the sides of the 
vessel, which are lagged or covered, 
'uhile the bottom end is not lagged, 

3. Means for testing combust ilDle fluids 105 
as claimed in claim 1, wherein the fuel 
is injected under a standard or predeter- 
mined pressure through a valve or nozzle 
into the air at atmospheric pressure in the 
vessel in such a inanner that, ehould it HQ 
not immediately ignite before passing 
through the air, its direction of motion 
ensures that the first surface with which 
it contacts is one which is at a lower tem- 
perature than the air in the vessel. 

. 4. Means for testing combustible fluids 
as claimed in claim 1, wherein the fuel 
is injected into an uprirj-bt cylin<Jrical 
vessel at thv iup end and directed towards 
the bottom end, which is at a lower tem- ^20 
perature than the sides, which are at 
approximately the same temperature as 
the air, the injection valve being so 
desiirned as to give a spray having a cone 
angle less than the cone angle subtended ^25 
l»> the perimeter of the bottom end of the 
vessel with the point of entry of the fuel 
into the vessel. 

•S. Means for testing combustible fluids 
as claimed in claim 4, wherein the fuel 130 
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is injected into the vessel under pressure 
by means of an injection pump, which 
is operated suddenly by a falling weight 
or othev constant force. 
5 6. ^[eanF, for testinop combustible fluids 
as claimed in any of ttie preceding claims, 
u\ which the temperature of the air is 
indicated by a thermo-couple or the like, 
which is located in a thermometer tube in 
10 *he top end of the vessel. 

7, Mean:> for te-^ting- combustible fluids 
as claimed in rlaiTU L wherein the 
moment of injection of the fuel is indi- 
cated by an electric circuit, which is 

15 automatically controlled by the opening 
of the fuel injection vr.lve. 

8. 3[eans for testiuc^ combustible fluids 
as claimed in claim I, wherein the time 
lag existing' between the injection and 

20 the subsequent iunition or explosion of 
the fuel is indicated b\- an electric cir- 
cuit, which is automatically controlled by 
the rise of pressure in the vessel due to 
explosion of the fuel. 

25 9. Means for testing: combustible fluids 
as claimed in claims 7 and 8, wherein a 
separate record of the operation of each 
electric circuit is obtained by sparks in a 
hii^h tension circuit which mark a 

30 movable tape or the like. 

10. Ifeaus for testing combustible 
fltiids as claimed in claim 9, wherein the 
sparks pass to earth throug-h a metal plate 
set in a trough of insulating material, 
which supports a jnotor driven paper tape 
or strip which is perforated by the 
sparks. 



11. Means for testing combustible 
fluids as claimed in claim 10 wherein the 
circuits are controlled by tremblers or the 
like, one train of sparks representing the 
time of injection making a straight line 
record; and the other train of sparks 
representing the ignition delay making a 
wavy line record. 

12. ^kleans for testing combustible 
fluids as c laimed in claim 11 wherein the 
wavy line record is produced by a spark- 
ing point being maintained in vibration 
at a predetermined frequency, by means 
of a ree<l and electro-magnetic means in 
a low tension circuit. 

13. Moans for testing combustible 
fluids constructed substantially as de- 
scribed with reference to and as illus- 
trated in Figs, 1 to 6 of the accompany- 
ing drawings. 

14. Means for testing combustible 
fluids as claimed in claim 13 combined 
with electric recording means constructed 
substantially as described with reference 
to and as ilhistrated in Figs. 7 to 9 of 
the accompan^'ing drawings, 

15. >[eans for testing combus'tible 
fluids as claimed in any of the preceding 
claims comprising a fuel pump provided 
with a weighted operating lever substan- 
tially as described with reference to and 
as illustrated in Figs, 10 to 12 of the 
accompanying drawings. 

Dated this 7th dav of December, 1932. 
A. C: DAT, 
Captain, 
Agent for the Applicant. 
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